The mechanisms linking inflammation and airway hyperresponsiveness in allergic bronchial asthma are still not completely defined. Since neurotrophic factors increase nerve excitability and neurotransmitter synthesis and are produced by immunocompetent cells, they are likely candidates as mediators of inflammation and hyperresponsiveness. We tested the hypothesis that neurotrophin concentrations will increase in the bronchoalveolar lavage (BAL) fluid from patients with asthma after segmental allergen provocation. For this purpose an individually standardized dose of allergen or saline was instilled into different segments during bronchoscopy in eight subjects with mild allergic bronchial asthma. Segments were then lavaged 10 min and 18 h after allergen challenge or saline instillation. There was a significant increase in the neurotrophins nerve growth factor, brain-derived neurotrophic factor, and neurotrophin-3 in BAL fluids 18 h after allergen but not saline challenge. We conclude that neurotrophins are produced endobronchially following allergen provocation, suggesting a contribution to the pathogenesis of asthma. 
Airway smooth muscle tone is controlled by sympathetic and parasympathetic nerves as well as by peptidergic nerves of the nonadrenergic, noncholinergic (NANC) system. It has been suggested that neuropeptides released from NANC neurons could contribute to the inflammatory response in asthma by axon reflexes (1) . Nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), and neurotrophin-3 (NT-3) are neurotrophins belonging to a family of mediators that exert their effects in both the nervous system and the immune system. The functions of the neurotrophins in survival, development, differentiation, and maintenance of nerve cells are well defined (2) . In addition to their effects in the central nervous system (CNS), neurotrophins also affect peripheral sympathetic and peptidergic neurons. Neurotrophins upregulate neuropeptide production in sensory neurons and contribute to inflammatory hypersensitivity (3) . Neurotrophin receptors are expressed on nerve cells as well as on immune cells, including monocytes, mast cells, B cells, and T cells. Several immunologic functions have been described for NGF, such as induction of mast cell degranulation, induction of cytokine synthesis, and regulation of antibody production (4). Additionally, NGF is a chemoattractant and activation factor for eosinophils (5) . Under physiologic conditions, neurotrophins are produced by nerve-associated cells like glia cells or Schwann cells and by nerve cells themselves (6), while during inflammation neurotrophins can be also produced by fibroblasts (7), mast cells, macrophages, and T and B cells (8) . In a recent study high serum levels of NGF were detected in patients with severe allergic bronchial asthma (9) . Our aim was to evaluate the local production of neurotrophins at the site of allergic inflammation in bronchial asthma. For this purpose, a welldefined and standardized protocol of segmental allergen challenge in patients with asthma was used (10) .
METHODS

Subjects
We studied eight nonsmoking, mildly allergic male subjects with asthma with a mean age of 24.3 Ϯ 2.4 yr (range, 21-29 yr) and a mean FEV 1 of 97.3 Ϯ 9.6% (82-113%) of predicted (11) . Mean total immunoglobin E (IgE) was 583.7 Ϯ 598.8 kilo units per liter (kU/L), and all patients had positive reactions to the skin prick test and elevated specific IgE (31.0 Ϯ 29.5 kU/L) to at least one common aeroallergen. All subjects had a history of intermittent wheeze, chest tightness, cough, and sputum production and reversible bronchoconstriction after inhalation of allergens. There was no evidence suggesting a respiratory tract infection before or at the time of the segmental allergen challenge. All subjects received inhaled ␤ 2 -agonist therapy as needed. Cromoglycate (n ϭ 3) and inhaled corticosteroids (n ϭ 1) were withdrawn 7 d prior to the study. All subjects gave informed consent. The study protocol was approved by the Ethics Committee of the University of Freiburg.
Inhaled Allergen Provocation
The inhaled allergen provocation was performed as described before (12 Correspondence and requests for reprints should be addressed to Harald Renz, M.D., Charité-Campus Virchow-Klinikum, Department of Laboratory Medicine and Pathobiochemistry, Augustenburger Platz 1, 13353 Berlin, Germany. E-mail: abraun@ukrv.de lergen) was extrapolated for each patient according to the cumulative dose of allergen inhaled until a drop in FEV 1 of more than 20% was recorded. A 10-fold higher dose of allergen was then used for the subsequent segmental allergen provocation. Inhaled and segmental allergen provocations were at least 3 wk apart.
Segmental Allergen Challenge
Bronchoscopy and segmental allergen challenge were performed as previously described (10, 12) . As a control, 2.5 ml of saline were instilled into the inferior lingular bronchus (B5 left). Furthermore, in six subjects 2.5 ml of saline were instilled into one segment of the lower Figure 1 . Neurotrophin content in BAL fluid 18 h after segmental provocation. Saline-challenged segment lavaged 10 min or 18 h after instillation of 2.5 ml normal saline was compared with allergen-challenged segment lavaged 10 min or 18 h after instillation of allergen 10 ϫ PD 20 or 50 protein nitrogen units (PNU), respectively, for each patient. *Significant differences (p Ͻ 0.05) between groups. Means are given in bold lines. left lobe, which was lavaged after 10 min. Lavage was performed using 100 ml of normal, prewarmed saline. Allergen (rye pollen, birch pollen, or house dust mite allergen) was diluted in 2.5 ml of saline and instilled into segments (B7 and B5 right). The right lower lobe bronchus was lavaged 10 min after endoscopic allergen deposition. After 18 h bronchoscopy was performed again, and the left lingular bronchus in which 2.5 ml diluent had been instilled earlier was lavaged; subsequently the medial segment of the right middle lobe bronchus was identified and lavaged using the same technique as described previously.
Analysis of Bronchoalveolar Lavage Leukocytes
Bronchoalveolar lavage (BAL) samples were filtered through a twolayer sterile gauze into sterile plastic vials (Falcon, Oxnard, CA), centrifuged at 4 Њ C and 500 ϫ g for 10 min. The supernatant was removed and stored at Ϫ 70 Њ C. Differential cell counts were performed on all nucleated cells and results expressed as total number of cells per microliter of recovered fluid.
Determination of NGF, BDNF, and NT-3 by ELISA
NGF, BDNF, and NT-3 were measured in cell-free BAL fluids with commercial ELISA kits according to the manufacturer's instructions (Promega, Madison, WI). Measurements were performed in duplicates and are expressed as means.
Statistical Analysis
Results are expressed as arithmetic mean with standard deviation. Differences between groups were analyzed using the Wilcoxon matched pairs test. Differences with p values Ͻ 0.05 were considered statistically significant.
RESULTS
Neurotrophin Content in BAL
As shown previously (12) , segmental allergen challenge triggers airway inflammation as indicated by a significant increase in eosinophils (p Ͻ 0.05) and neutrophils (p Ͻ 0.05) at 18 h compared with the 10-min postallergen challenge. NGF was detected in all BAL samples. There was no significant difference between NGF concentrations measured in BAL fluids 10 min after saline or allergen challenge (Figure 1 ). In contrast, at 18 h there was an approximately fourfold increase in the NGF concentrations following allergen provocation, but not in the saline group (p Ͻ 0.05). Highest levels of BDNF were measured 18 h after allergen challenge. Although BDNF was also increased in the saline group, the concentrations were significantly lower (p Ͻ 0.05). NT-3 was not present in BAL samples at 10 min, regardless of whether they were obtained after saline or allergen challenge. Only in the segments that were lavaged 18 h after allergen provocation could elevated concentrations of NT-3 be detected (Figure 1 ).
DISCUSSION
We investigated the hypothesis that neurotrophins are produced locally following allergen challenge in allergic asthma. We found a marked upregulation of neurotrophins 18 h after allergen exposure but not after saline challenge. This finding coincides with the demonstration of activated T cells and eosinophils in BAL fluid following allergen challenge (10) . Since the concentrations of neurotrophins increased markedly in the allergen-challenged segments but remained basically unchanged in the saline-challenged segments, we conclude that enhanced neurotrophin production occurs in a selective and allergendependent fashion during the allergic late-phase response, and our data support the hypothesis that these mediators are produced locally during allergic inflammation.
Although NGF can be released from mast cells, macrophages, T cells and B cells (8) as well as fibroblasts (7) and epithelial cells, the source of neurotrophins in this model of segmental allergen challenge remains to be determined. NGF and BDNF have been shown to increase sensitivity and excitability of sensory and motor neurons (13) . In addition, neurotrophins are potent inductors of neuropeptide expression (e.g., substance P) in sensory neurons (3) and contribute to inflammatory sensory hypersensitivity. These neuropeptides, which belong to the tachykinin family and are elevated in BAL of patients with asthma (14) , mediate important biologic activities during acute inflammatory responses, including smooth muscle contraction, dilatation, and increased permeability of blood vessels (1), all of which contribute to the severity of asthmatic bronchoconstriction.
Studies in mice support our hypothesis that neurotrophins are causally related to bronchial hyperreactivity. Transgenic mice overexpressing NGF in the lung will develop hyperinnervation of the airways, enhanced neuropeptide levels in the lung, and airway hyperreactivity (15) . To further analyze the potential role of NGF in allergy, we have treated mice that developed allergen-induced airway inflammation and airway hyperresponsiveness with anti-NGF. Local intranasal anti-NGF completely prevented development of airway hyperresponsiveness, whereas there was little effect on airway inflammation (16) . Yet the relative contribution of NGF to human bronchial asthma remains to be investigated.
In conclusion, we have demonstrated local upregulation of neurotrophin production in allergic inflammation after allergen provocation. This increase of neurotrophin production occurred following the late-phase response. Our data therefore suggest that allergic asthma is associated with a dysregulation of the complex interactions between the nervous and immune system. Functional studies are currently designed to analyze the relevance of this phenomenon for human bronchial asthma.
